Abstract. The assessment of the radionuclides transfers in the physical components of rivers (water, suspended sediments, bottom sediments) involves three disciplines : hydraulics, sedimentary dynamics and radioecology. In freshwater radioecological quality models, the radioecology is linked to the sedimentary dynamics through the adsorption / desorption process and the deposition / erosion fluxes. The assessment of these fluxes requires in-situ and laboratory experiments to determine their relating parameters (settling velocity, critical shear stress of deposition and erosion, etc.). The models do not usually distinguish the different mineral particle classes and make the assumption that deposition and erosion processes cannot occur simultaneously. However, natural water flow is characterized by a wide and continuous range of different mineral particle classes. As a consequence, the assumed threshold between deposition and erosion is reduced. For example, the deposition of one class can come along with the erosion of another class. In this context, we present a radioecological model which includes a multi-class sedimentary dynamics model. To show the difference between this approach and a global one (obtained for a single average class of matter), a comparison between these two approaches concludes this paper.
INTRODUCTION
As many chemicals produced by industrial facilities, the releases of radionuclides in the river by the nuclear installations are realized in compliance with the regulations in place. In the river, one part of the radionuclides remains solute and the remainder is fixed on the suspended and on the bottom sediments. This distribution is conditioned by the dispersion process, the adsorption process and the mass exchange between suspended and bottom sediments. These latter exchanges depend on the sedimentary dynamics which influences the radionuclides transfers within the water stream. Recent works [1, 2] show that the adsorption of radionuclidess depends on the physical conditions, the nature and the granulometric classes of the paíteles, knowing that the maximal interaction concerns the cohesive sediments (diameter < 64 №) [3] . At the same time, in a river, and depending on the flow characteristics, the dynamics of these different classes change from one class to another. To link a radioecological model to sedimentary dynamics, we must consider two main points: the adsorption and the sedimentary dynamics of the mam mineral particle classes.
In this paper, we present:
(i) a radioecological water quality model including a multi class sedimentary dynamics approach.
(ii) a comparison between the present approach and a global one obtained for a single average class of matter. 
Hydraulics model
The hydraulics model is based on the Saint -Venant equations simplified for plain rivers [3, 4] . Equation (3) Equation (4) The transfers between the suspended and the bottom sediments depend on the erosion and deposition fluxes. Their determination is presented in the following section.
Erosion and deposition flux model
This approach considers that the sediments are cohesive and that the different classes of particles do ml interact. For each granulometric class, we assume that the sediment deposition is always active whatever
Cl-711 the shear stress is. The sediment erosion is given by the Partheniades formula [5, 6, 7, 8] . With these considerations, the deposition and erosion fluxes are respectively modelled by the following formula [9] :
and BSc > 0 Equation (6) E c = 0 if x f < -r cc or BSc = 0 Equation (7) Where: If the shear stress is higher than the critical shear stress of erosion of the class C, the model converges to
The deposition flux is dominant when: i f > x ce and SS C >SS C * or t f < r ce . The erosion flux is dominant when:
x { > r ce and SS C < SS C *.
Radioecological model
The model solves the equations for the radionuclides concentration in the water and on suspended and bottom sediments per particle class (time & space). 
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RADIOPROTECTION -COLLOQUES
These equations of mass transfer are influenced by the dispersion process, the adsorption process and t he mass exchange between suspended and bottom sediments.
COMPARISON BETWEEN THE MULTI CLASS AND A GLOBAL APPROACHES
For the Cs, and to show the influence of the different particle classes on the computation results, we propose a comparison of the previous approach, as applied to five classes, with a global approach. In this context, a test case is presented.
Sedimentary dynamics parameters
Some resuspending sediment experiments performed in a small flume tank [10] allow us to determine the critical shear stress of erosion, the erosion rate and the settling velocity for two of the particle classes [9] . For the three other classes, we only have their settling velocity, as inferred from the Stokes formula when we consider that the particles are spherical [3, 6] :
We have grouped in the next table the known parameters. The test case will be adapted for two situations (erosion and deposition and o/il; deposition), and we explain later on the considered flow conditions corresponding to these two situations The parameters for the global class are calculated with a weighted average.
Adsorption -desorption parameters
Abril and Fraga, [1] have studied the decrease with the particle size of Kd in the case of MAN-MADE radionuclides interacting with mineral particles. They considered the case of a perfect spherical PARTICLE with homogeneous density, p, and with a radius, r. They assumed that the mobile element is EXCHANGED only over a surface layer of thickness C,. C w is the specific activity in filtered water for THE STUDIED radionuclides. C 5S is its specific activity over the surface layer and C c its specific activity in the CENTRAL part of the particle. They then gave a relationship between Kd and the given parameters as FOLLOWS:
Kd=^-(1-(1-^-)')
Equation (12) This relation shows the Kd dependence on the particle size. Abril and Fraga also give some examples for the good agreement between this formula and experiments made by Al Jundi et al [11] .
Based on their research and considering the Cs case, C = 1,96 urn, and the ratio C w / C ss = 68 m 3 /Kg K, is supposed equal for suspended and bottom sediments, for Cs, K = K = 0.00053 s"' [12] . We USE The parameters of the global class are evaluated by weighted average.
3,3. Initial and boundary conditions
In the test case, we perform computations relative to a uniform channel, and we report the time variation results obtained in the section located at 5000 m. In the two situations (erosion and deposition, and only deposition), we assume that we have no bottom sediment. For each class, the initial matter concentration is supposed uniform along the channel and equal to SSi n iC = 100 mg/l. In the same time, the initial matter activities in suspended and bottom sediments are supposed null: C M = 0, c u = 0. In the water the 
RESULTS AND DISCUSSION
• Deposition case
Deposition occurs for all particles, when the shear stress is less than the critical shear stress of erosion corresponding to the smallest particle T ce ,i = 0.07 N.m" 2 , say x f = 0.05 N.m" 2 . Figure 1 shows the obtained results.
• Deposition and erosion case
To have this situation, we set the shear stress at the value 0.25 N.m" 2 . In this case, the erosion concern only the two first classes. Even if we do not know the erosion parameters for the three last classes, we can do the computations considering that the shear stress is not enough to cauterise these classes, i.e. their critical shear stresses of erosion are larger than that imposed by the flow. Figure 2 shows the obtained results. • Comments on the results The results obtained show that the total activity in the water column is underestimated when we consider a global class. Indeed, in the global approach, adsorption and deposition rate are equivalent for all classes, on fe contrary, adsorption predominant for smaller particles and deposition for bigger particles when usi ng multi -class approach. With this explanation, the radionuclides transfer from the water column to k bottom sediment given by the global approach is more important than the given by the multi cl ass approach.
CONCLUSIONS AND PROSPECTS
In this paper, we were interested in a radioecological water quality model integrating sedimentary dynamics for several particle classes. We compare it to a global approach applied with only one average class of matter. The results show that the global approach assessment of the radionuclides transfer f r om the water column to the bottom sediment is more important. As consequence, the predicted total col umn water activity will be less important with a global approach than with a multi class one. To configure the multi class model we used the spherical particle hypothesis, which allows us to infer t he settling velocity from Stokes formula, whereas the Kd are determined by Abril and Fraga's formula [1] (also given for a spherical mineral particle). The natural water stream contains mineral and organic particles, so, in order to validate these results, we have now to extend this study to a real situation.
